Today, it is very important to find out the protection of products of natural origin as an alternative to synthetic fungicides. The promising alternative is the use of the essential oils (EOs). Essential oils from plants have great potential as a new source of fungicide to control the pathogenic fungi.The main objective of this study was evaluation of the antifungal activity of lemon (Citrus lemon L.), eucalyptus (Eucalyptus globulus LABILL.), thyme (Thymus vulgaris L.), oregano (Origanum vulgare L.) sage (Salvia officinalis L.) and lavender (Lavandula angustifolia MILLER.) EOs against Aspergillus niger and Aspergillus tubingensis isolated from grapes and their ability to affect the growth. It was tested by using the vapor contact with them. At first both tested isolates were identified by using PCR method. Sequence data of 18S rRNA supported the assignment of these isolates to the genus Aspergillus and species A. niger (ITS region: KT824061; RPB2: KT824060) and A. tubingensis (ITS region: KT824062; RPB2: KT824059). Second, EO antifungal activity was evaluated. The effect of the EO volatile phase was confirmed to inhibit growth of A. niger and A tubingensis. EOs were diluted in DMSO (dimethyl sulfoxide) final volume of 100 μL. Only 50 μL this solution was distributed on a round sterile filter paper (1 x 1 cm) by micropipette, and the paper was placed in the center of the lid of Petri dishes. Dishes were kept in an inverted position. The essential oils with the most significant activity were determined by method of graded concentration of oils -minimum inhibitory doses (MIDs). The most effective tested EOs were oregano and thyme oils, which totally inhibited growth of tested isolates for all days of incubation at 0.625 μL.cm -3 (in air) with MFDs 0.125 μL.cm -3 (in air). Lavender EO was less active aginst tested strains (MIDs 0.313 μL.cm -3 ). The results showed that the tested EOs had antifungal activity, except lemon and eucalyptus. Sage EO was the only one which decelerated the radial growth of colony of both tested strains after all days of cultivation in comparison with a control sets. Our study provides the support that essential oils can be used to control plant pathogens such as A. niger and A. tubingensis.
INTRODUCTION
Fruit deterioration is a key postharvest problem because fungal spoilage can cause great economic losses. Grape, as a perishable fruit, is susceptible to fungal infection, especially from Aspergillus niger which causes a disease called black mold, one of the major causes of rapid and extensive deterioration of table grapes during the harvest and the major obstacle for storage (dos Santos et al., 2012; de Sousa et al., 2013) . Aspergillus niger, the most important member of Aspergillus subgenus Circumdati section Nigri, is primarily a plant pathogenic fungi responsible for deterioration of stored food material, as well as Aspergillus tubingensis, which includes species that morphologically resemble Aspergillus niger (Samson et al., 2000). In addition, the genus Aspergillus and its species are producers of several mycotoxins. A. flavus and A. parasiticus are the main aflatoxins-producing species, while production of ochratoxin A is mainly associated with Aspergillus carbonarius and A. niger or Nigri section species, which has also been reported to produce fumunosin, sterigmatocystin, cyclopiazonic acid and patulin (Plascencia-Jatomea et al., 2014). Spoilage and poisoning of food by fungi are the major problem for food industry and consumers. Decay may increase post harvest losses up to 50% without fungicide treatment. However, the use of synthetic fungicides is becoming more restrictive and thus alternative treatments need to be developed to reduce environmental risk and satisfy the demands of consumer groups (Phillips et al., 2012). The objective of this study was evaluation of the antifungal activity of 6 EOs by using vapor contact against the fungal species of the genus Aspergillus section Nigri isolated from grapes in Slovakia. 
MATERIAL AND METHODOLOGY

Fungal isolation and identification
Essential plant oils
The essential oils used in this study were extracts of lemon (Citrus lemon L.), eucalyptus (Eucalyptus globulus LABILL.), thyme (Thymus vulgaris L.), oregano (Origanum vulgare L.) sage (Salvia officinalis L.) and lavender (Lavandula angustifolia MILLER.), they all were supplied by Calendula company a.s. (Nová Ľubovňa, 238 A, Slovakia). The gas chromatography analysis of the main components of each essential oils were determined by Calendula company a.s. (Table 1) . Essential oils were extracted by hydro distillation and its quality and stability were certified by suppliers.
Antifungal activity of essential oils
The antifungal activity of selected EOs was investigated by microatmosphere method. The test was performed in sterile Petri dishes (Ø 90 mm) containing 15 mL of CYA. Evaluation by filter paper was made by the method adapted from Guynot et al., (2003) . First, all EOs were tested in highest concentration (0,625 μL.cm -3 of air). EOs were diluted in DMSO (dimethyl sulfoxide) final volume of 100 μL. Only 50 μL of this solution was distributed on a round sterile filter paper (1 x 1 cm) by micropipette, and the paper was placed in the center of the lid of Petri dishes. Dishes were kept in inverted position. Filter paper discs impregnated with dimethyl sulfoxide (DMSO) were only used as a control to confirm no solvent effect of bioactivity. Each fungus was inoculated in the center of Petri dishes with needle -inoculated. Dishes were tightly sealed with parafilm and incubated for fourteen days at 25 ±1 °C (three replicates were used for each treatment). Diameters (Ø mm) of the growing colonies were measured at the 3 rd , 7 th , 11 th and 14 th day with a ruler. Essential oils able to inhibit each fungus (visible inhibition-non growth of fungus) were used in the following test.
Minimum inhibitory doses (MIDs)
After incubation, the minimum inhibitory doses (MIDs) of EOs with the most significant activity were recorded by the method adapted from Kloucek et al., (2012). The essential oils with the most significant activity were determined by method of graded concentration of oils. EOs dissolved in DMSO were prepared at different concentrations (0.500, 0.313, 0.188, 0.125, 0.063 μL.cm -3 of air). Cultivation was carried out at the 25 ±1 °C and measured after 14 days. The MID (expressed as microlitres of EOs per volume unit of atmosphere above the organism growing on the agar surface) was defined as the lowest concentration of the oil which did not permit any visible growth after 14 days in comparison with control sets.
Statistical analysis
All analyses were performed in triplicate and the results were expressed as the mean of the data obtained in each replicate. Statistical analyses were performed with descriptive statistics (mean and standard deviation) and inferential tests (ANOVA followed by 95.0% Tukey HSD test) to determine statistically significant differences (p <0.05) between treatments.
RESULTS AND DISCUSSION
Contamination of grapes and grape products by
Aspergillus section Nigri is known to occur widely. The fungal species Aspergillus niger, Aspergillus tubingensis, and Aspergillus carbonarius are included within this section and during their growth are able to produce mycotoxins (Somma et al., 2012) .
The objective of this study was to find the activity of the volatile phase of lemon, oregano, lavender, eucalyptus, thyme and sage essential oils against the fungal growth of Aspergillus niger and Aspergillus tubingensis. First, all EOs were tested at the higherst concentration (0,625 μL.cm -3 ). Both tested strains, Aspergillus niger (Figure 1 ) and A. tubingensis ( Figure 2 ) were sensitive in treatment with oregano, lavender and thyme EOs, which completely inhibited their growth after all days of cultivation (14 days). Strain A. niger was not sensitive in treatment with lemon EO, as same as A. tubingensis. Eucalyptus EO had very similar antifungal activity against both tested strains. A. niger showed the most significant sensibility to the sage EO at the highest concentration (0,625 μL.cm -3 ) after 7 days of cultivation. A. tubingensis seems to be more resistant in treatment with sage EO. It was inhibited by sage EO only after 3 days of cultivation in a comparison with control sets and A. niger strain. In this study the most effective EOs were able to inhibit growth of tested strains all days of cultivation at the highest concentration (0.625 μL.cm -3 ) and were used for determination of MIDs. Among all oils tested, thyme, oregano and lavender oils proved to be the best inhibitor of the black aspergilly. Results are showed in Table 2 . The best results (MIDs 0.125 μL.cm -3 ) (p <0.05) for both, A. niger and A. tubingensis showed oregano and thyme EOs.
In study of Combrinck et al., (2011) thyme EO proved to be the most effective inhibitor, totally inhibiting all of the pathogens tested at concentrations of 1000 μL.L -1 and lower, with the exception of a resistant Penicillium strain. , 2008) . In study of Velázquez-Nuñez et al., (2013) direct addition of orange peel EO had a rapid effect on A. flavus growth, but exposure to orange peel EO vapors was more effective, requiring lower concentrations of EO to inhibit mold growth. They concluded that vapor contact is an alternative when essential oils (EO's) and microorganisms are placed separately in some sealed environment.
CONCLUSION
As a conclusion, volatile substances from oregano, thyme (MIDs 0.125 μL.cm -3 ) and lavender (MID 0.313 μL.cm -3 ) essential oils had a potential antifungal activity against tested strains of black aspergilly. Results showed that the tested EOs had antifungal activity, except lemon and eucalyptus EOs in comparison with control sets. In spite of the fact that sage EO showed only weak antifungal activity, and was able only to delayed growth of A. niger (after 7 days of cultivation) and A. tubingensis (after 3 days) could be used in food preservation, but further research is needed. Our study gives support that essential oils can be used to control plant pathogens such as A. niger and A. tubingensis. alignment and phylogenetic tree building. 
